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Biocides are widely used in medicine and various industries to protect against a number of harmful
microorganisms. Organic quaternary ammonium and guanidine-containing compounds, the biological
action of which is based on membrane-toxic properties, are used as bactericidal preparations. The aim
of this work was to study the bactericidal and fungicidal activities of the synthesized oligomeric alkyl-
substituted guanidinium bromides with different radicals -C.H , -C H ,, -C, H, , against different isolates
of heterotrophic bacteria and microscopic fungi. Methods. The synthesis of alkyl-substituted guanidinium-
containing oligomers was performed in two stages. In the first stage, alkyl-substituted guanidine was
obtained by the reaction of guanidine, previously converted by alkali from the salt form to the base form
by the base and alkyl bromides (Alk = -C ,H  (propyl), -C H ; (heptyl), -C, H,, (decyl)) in methanol at a
temperature of 50° C and a molar ratio of 1:1. The second carried out the reaction between aromatic
oligoepoxide DER-331 and alkyl-substituted guanidine in methanol at a temperature of 50° C for 2—
3 hours and a molar ratio of 1:2. Bacteria were grown on meat-peptone agar for 48 hours at a temperature
of 28+2° C. Test cultures of micromycetes were cultured on agar beer wort (6° B), incubated for 14 days
in a thermostat at a temperature of 28+42° C. Antimicrobial activity of newly synthesized alkyl-substituted
guanidinium-containing oligomers was determined by standard disco-diffusion method (method of disks
on agar) and fungicidal activity was determined by the method of holes in agar. Results. Oligomeric alkyl-
substituted guanidinium bromides with different radicals composed -C H, -C H , -C, H, - synthesized by
the reaction of guanidine alkyl bromides with aromatic oligoepoxydes. It was found that alkyl-substituted
guanidinium-containing oligomers at a concentration of 1-3 % inhibited the growth of Escherichia coli
475, Pseudomonas aeruginosa 465, Klebsiella pneumonia 479, Pseudomonas pseudoalcaligenes 109,
Staphylococcus aureus 451, E. faecalis 422, Rhodococcus erythropolis 102, Bacillus subtilis 138 and
most of the studied micromycetes — Aureobasidium pullulans F-41430, Paecilomyces variotii F-41432,
Penicillium funiculosum F-41435, Penicillium ochrochloron F-41431, Scopulariopsis brevicaulis F-41434,
Trichoderma viride F-41437, Candida albicans F-41441, Aspergillus flavus F-41442, Aspergillus niger
F-41448, Penicillium sp. F-41447. Conclusions. Antimicrobial and fungicidal properties significantly
depend on the length of the alkyl radical, with increasing of its length the diameter of the zone of bacterial
and micromycetes growth retardation increases.

Keywords: alkyl-substituted guanidinium-containing oligomers, heterotrophic bacteria, micromycetes,
bactericidal and fungicidal activity.

Biocides are widely used in medicine and iodine, iodoform, chlorine, chloramine), salts of
various industries as a reliable means of protection  heavy metals (copper, mercury, silver). According
against a number of microorganisms. The biocides  to the action mechanism, the substances can
include chemicals: alcohols, phenols, oxidants  coagulate proteins, oxidate sulfhydryl groups in
(hydrogen peroxide, potassium permanganate, protein structures [1]. As bactericidal preparations,
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organic quaternary ammonium compounds
are also used, which are well established as an
effective means of extinguishing sulfate-reducing
bacteria on oil fields [2—4]. The biological effect of
quaternary ammonium salts is to break the structure
of cell membranes and to cause denaturation of cell
proteins, as well as to reduce the activity of key
enzymes [1].

Guanidine derivatives are widely used as
antiseptics, insecticides, drugs and preservatives
[5]. Guandinium chloride belongs to the second
class of hazard [5]. To date, a number of drugs
based on guanidine have been developed, such as
biguanidines, sulfaguanidine and chlorhexidine.
Among the polymer derivatives of guanidine,
polyhexamethylene guanidine chloride (PHMGC)
has been most widely used in practice [6—8]. The
mechanism of biocidal action of polyguanidines is
similar to quaternary ammonium compounds and is
of membrane-toxic nature: guanidine polycations
are adsorbed on the negatively charged surface of
bacterial cells; diffuse through the cell wall; bind
to acidic phospholipids, proteins of the cytoplasm
membrane, which causes its breakage. As a
result, the microbial cell dies. The increase in the
biocidal activity of PHMGC as compared to the
low-molecular biocides is due to the cooperative
interaction of the adjacent guandine polycation
group links with the microbial cell. The increase
in the activity of polyguanidines as compared to
quaternary ammonium salts (QAS) is also due to
the peculiarities of the guandine group structure:
unlike QAS cation, in which a large positive charge
is localized on a single nitrogen atom, guanidin
cation has a positive charge distributed between
three nitrogen atoms, and additionally delocalized
according to the o-links system. It is well known
that guanidinium polymers are less toxic than
guanidine and belong to the third class of hazard
[9-13].

Speaking of bactericidal properties, a lot of
attention is drawn by the class of guanidinium,
oligomers which have not been properly researched
yet. The possibilities of changing within the wide
limits of the structure and physical and chemical
properties of oligomers, considering the unique role
of terminal groups, can open their new functional
capabilities as bactericidal substances. It is possible
to assume that by analogy with ammonium
derivatives of organic compounds, guanidinium
oligomers can exhibit bactericidal activity against
both gram-positive and gram-negative bacteria, as
well as fungicidal properties against microscopic
fungi.
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We have previously studied fungicidal activity
of the guanidinium-containing oligoether (GO)
with terminal guanidinium fragments based on
aromatic oligoepoxide and guanidinium chloride
in relation to the microscopic fungi isolates, which
caused damage to rubber materials. It has been
found that guanidinium-containing oligoether at a
concentration of 3 % inhibited the growth of most
micromycetes that have been studied [14—17]. It is
well known that the addition of alkyl radicals of
different lengths to the chain leads to an increase in
bactericidal and fungicidal effects of the resulting
compounds. In order to enhance these properties,
as well as to simplify the synthesis process and to
reduce its cost, it is deemed beneficial to obtain
reactive functional guanidinium-containing
oligomers that contain alkyl radicals of different
lengths.

The aim of this work was to study bactericidal
and fungicidal activities of synthesized oligomeric
alkyl-substituted guanidinium bromides with
different radicals -C,H_,- C.H , -C H, -, against
bacteria and micromycetes.
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Materials and methods

Study subjects were strains of gram-positive
Staphylococcus aureus 451, Enterococcus faecalis
422, and gram-negative bacteria Escherichia coli
475, Pseudomonas aeruginosa 465, and Klebsiella
pneumonia 479, isolated from pathogenic material
(urogenital system) of patients and stored in
the Bacteriological study laboratory of the
Urology Institute of the National Academy of
Medical Sciences of Ukraine. Strains of bacteria
Pseudomonas pseudoalcaligenes 109, Rhodococcus
erythropolis 102, Bacillus subtilis 138 have been
previously isolated from the damaged protective
coatings of gas pipelines, identified by us, and are
now stored in the collection of the Department
of General and Soil Microbiology of Zabolotny
Institute of Microbiology and Virology of the
National Academy of Sciences of Ukraine [18].

Microscopic fungi, isolated from Kyiv
premises which experienced mycological damage,
Aureobasidium pullulans F-41430, Paecilomyces
variotii F-41432, Penicillium funiculosum
F-41435, Penicillium ochrochloron F-41431,
Scopulariopsis brevicaulis F-41434, Trichoderma
viride F-41437, Candida albicans F-41441,
Aspergillus flavus F-41442, Aspergillus niger
F-41448, Penicillium sp. F-41447 are stored in
the collection of the Department of Micromycete
Physiology and Systematization of Zabolotny
Institute of Microbiology and Virology of the
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National Academy of Sciences of Ukraine [19].

Study materials. The diane epoxy oligomer
DER-331 (DOW Chemical Company, Germany),
MM 365 g/mol, weight fraction of epoxy groups
23.5 %, hydroxyl groups 0.6 %, was dried by
heating under vacuum for 2—6 hours at 80—
90 °C and residual pressure of 2 mm Hg. Guanidine
hydrochloride (GH) (“Aldrich,” Germany) was
used without further purification. Alkyl bromides,
namely propyl- (-C,H,), heptyl- (-C_H,,), and
decyl- (-C, H,,) bromides (“Aldrich,” Germany)
were used without further purification. Methanol
was purified by means of distillation.

The synthesis of alkyl-substituted guanidinium
containing oligomers was carried out in two steps.
In the first step, alkyl-substituted guanidine was
obtained by reacting guanidine previously converted
by means of alkali from salt form into basic form,
and alkyl bromides (Alk = -C,H, (propyl), =-C H
(heptyl), -C, H,, (decyl)) in methanol at 50° C and
a molar ratio of components 1:1. In the second
step, aromatic olygoepoxide DER-331 was reacted
with alkyl-substituted guanidine in methanol for 2—
3 hours at 50° C and a molar ratio of components
1:2. The reaction completion was controlled by
infrared spectroscopy, by disappearance of epoxide
absorption bands at 920 cm™'. The resulting product
was re-deposited from methanol to diethyl ether.
To remove solvent residues, the product was kept
under vacuum at 60° C for 5 hours. The product
yield was 95 %.

Cultivation of microorganisms. Bacteria
were grown on Meat-peptone agar for 48 hours at
28+2° C.

The test cultures of micromycetes were cul-
tivated on agar wort (6° B) for 14 days in the ther-
mostat at 28+2° C.

The antimicrobial and fungicidal activity.
Antimicrobial activity of newly synthesized alkyl-
substituted guanidinium-containing oligomers was
determined by standard disco-diffusion method
(method of disks on agar) [6] and fungicidal activity
was determined by the method of holes in agar. 1
and 3 % oligomer solutions were used: 0.2 ml of
each was applied to the standard paper discs (6 mm
in diameter), and placed on the surface of Meat-
peptone agar inoculated with the corresponding
test culture of bacteria. Incubation was carried out
within 18 hours at 284+2° C. Antimicrobial activity
was expressed according to the diameters (mm) of
the microorganism growth inhibition zones.

The fungicidal activity was determined by the
method of holes in agar. In order to determine
the fungicidal activity, a suspension of each
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fungi species was prepared in sterile distilled
water at a concentration of 1x10® CFU. 1 ml of
suspension was added to a Petri dish, 20 ml of
molten Czapek-Dox medium was poured over it,
and it was thoroughly mixed. Then in the middle
of the dish, wells (8§ mm in diameter) were made
by a sterile drill, and 0.2 ml of the test substances
was added. Incubation was carried out at 28+
+2° C, accounting of the results was made on the
7™ day of the experiment. Fungicidal activity was
expressed in mm according to the microorganism
growth inhibition zone diameters. The study was
carried out in triplicate; the obtained results were
processed mathematically on a personal computer.

Fourier-transform infrared spectroscopy.
Infrared spectral data of oligomers with Fourier
transformation were collected on “TENSOR 37”
spectrophotometer in the spectral region 6000—
400 cm™ in KBr tablets.

'H NMR spectral data were collected on
“Varian VXR-400 MHz” (USA) device in CDCI,
system.

Statistical processing of the results. The
experiments were carried out in triplicate, and the
results were expressed in terms of the mean square
deviation M + n. Data processing was performed
using Exel 2016 (MS Office) and Origin 8.5 (MS
Office).

Results. For our experiments the new
alkyl-substituted guanidinium oligomers were
synthesized. Stages of obtaining the new alkyl-
substituted guanidinium oligomers are presented
on Fig. 1.

The obtained oligomers structure was confirmed
by IR spectroscopy. In the obtained product IR
spectrum within the range of 3200-3550 cm! there
are bands of valence vibration absorption of -OH
and -NH groups. The presence of -CH, -CH, and
-CH, groups is confirmed, respectively, according
to the absorption bands 2869 cm™, 2926 cm,
2964 cm’!, which correspond to the valence
vibration of C-H bonds; the bands of deformation
vibration of these bonds are within 1460 cm'.
With the increase of the alkyl radical length the
intensity of their valence vibration band was also
increasing. The band of valence vibration absorption
of -C=N guanidine fragments was observed at 1640
cm!, which overlapped the band of deformation
vibration of -NH groups. In the range of 1450-1650
cm! there are absorption bands of -C=C-bonds of
benzene ring. Absorption bands in the frequency
range of 1100-1300 cm ' indicated the fluctuations
of C-O-C bonds of etheric groups. In comparison

ISSN 1028-0987. Mixpobion. oicypn., 2020, T. 82, Ne 6



with the initial products, the absorption bands of
epoxy groups disappear within the limits of 920 cm™!
(Fig. 2).

The structure of the obtained oligomers has
been confirmed by 'H NMR spectrometry. In
'H NMR (CDCIL) spectrum of alkyl-substituted
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Fi g. 2. Infrared spectra of alkyl-substituted guanidinium oligomers:
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Thus, we obtained the confirmation that the new
alkyl-substituted guanidinium containing oligomers
have a general formula RNHC(NH,)NH"AlkBr
with different alkyl radicals in their composition
Alk=C;H, CH C, H

1077217
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These are viscous light yellow liquids which
are soluble in water, ethanol, methanol, methy-
lethylketone, dimethylformamide, dimethylsulf-
oxide, dimethylacetamide, and insoluble in diethyl
ether, hexane, and acetone. The synthesized alkyl-
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substituted guanidinium containing oligomers are
multifunctional compounds with hydrophobic
aromatic component, alkyl substitutes, they contain
hydroxyl groups and guanidinium fragments.

The bactericidal activity of the newly synthetized
alkyl-substituted guanidinium containing oligomers
was tested. Some test cultures of bacteria were
selected, which differed by the cell wall structure
— gram-positive and gram-negative bacteria (Fig. 3,
Table 1).

According to the microbiological study re-
sults, in most cases the obtained compounds had
antimicrobial activity against the studied test
cultures of bacteria at 1-3 % concentrations. The
bacterial growth inhibition zone diameter was
in the range of 8—40 mm. As it can be seen from
the data, antimicrobial properties of the newly
synthetized compounds significantly increased
with the increase of the alkyl radical length, which

a

is confirmed by higher bacterial growth inhibition
zone diameter. For example, after the influence of
3 % solution of the test compound Alk = C,H_, the
diameter of the growth inhibition zone of gram-
negative E. coli strain was 6 = 0.08 mm, with the
growth of alkyl radical Alk = C, H,, in the guanidine
oligomeric compound, the growth inhibition zone
increased up to 18 = 0.28 mm. The highest values
of the growth inhibition zone (from 12 £+ 0.25
up to 18 + 0.28 mm) of gram-negative bacteria
(E. coli 475, K. pneumonia 479, P. aeruginosa
465) have been noted with the effect of oligomer
with the biggest radical length Alk = C, H,,. Gram-
positive soil bacteria R. erythropolis 102 (30—
40 mm) and B. subtilis 138 (20-30 mm) were found
to be sensitive to oligoetherguanidiniumdecyl
bromide (Alk=C H . and Alk=C, H, ). The tested
oligomers did not exhibit any bactericidal effect

against P. pseudoalcaligenes 109.

Fi g. 3. Growth inhibition zones of R. erythropolis 102 (a) and B. subtilis 138 (b) affected by alkyl-
substituted guanidine containing oligomers: K — control (distilled water), 1, 2’ — 1 % solution
(Alk=C H, Br),2,3 -3 % solution (Alk= C, H, Br)

Table 1

Bactericidal activity of alkyl-substituted guanidinium containing oligomers

Chemical group Growth inhibition zone diameter, mm
Alk=C,H, | Alk=C_H,, Alk=C H,,
Oligomer concentration, %
Bacteria strains 1 | 3 | 1 | 3 | 1 | 3
Gram-negative bacteria
E. coli 475 13+£0.26 6+0.08 16+£0.35 16+0.35 13+0.26 18+0.28
P aeruginosa 465 9+0.10 10£0.15 11£0.10 11+£0.23 11+0.10 124+0.25
K. pneumonia 479 8+0.10 0 13+0.26 13+0.26 12+0.25 14+0.30
P, pseudoalcaligenes 109 — — 0 0 0 0
Gram-positive bacteria
S. aureus 451 16+0.35 10+0.20 17+0.36 12+0.25 15+0.34 20+0.30
E. faecalis 422 10+0.15 8+0.10 10£0.15 19+0.35 12+0.23 12+0.25
R. erythropolis 102 — — 30+0.44 30+0.46 35+0.45 40+0.50
B. subtilis 138 - - 20+0.30 25+0.32 25+0.32 30+0.43

Legend: «—» not tested, 0 — no oligomer effect.
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Thus, the highest bactericidal activity against
gram-positive bacteria was exhibited by the
guanidinium containing oligomer with alkyl
substitute Alk-C H, ; the bacteria growth inhibition
zone diameter was 20—40 mm.

The study data of the microscopic fungi test
cultures fungicide activity are shown on Fig. 4 and
in Table 2.

According to the obtained data alkyl substituted
(Alk=C.H,, and C, H, ) guanidinium containing
oligomers with 1 % concentration exhibit fungi-
cidal activity against almost all studied isolates.
The diameter of the growth inhibition zone of
such strains as A. pullulans F-41430, P. variotii

F-41432, P. funiculosum F-41435, P. ochrochloron

—

a

F-41431, S. brevicaulis F-41434, T, viride F-41437,
C. albicans F-41441, A. flavus F-41442, A. niger
F-41448, Penicillium sp. F-41447 affected by the
obtained oligomers was found to be 7-25 mm de-
pending of the fungi type. The biggest diameter of
the growth inhibition zone was observed for fun-
gi A. pullulans F-41430, P. variotii F-41432 and
T. viride F-41437 — 19-25 mm, the smallest one —
for fungi 4. flavus F-41442, Penicillium spp
F-41447, A. niger F-41448 — 7-8 mm for oligo-
mer with decyl radical (Alk=C, H, ). The oligomer
with Alk=C,H, did not exhibit any fungicidal ac-
tivity against any of the studied test cultures of mi-
cromycetes. Thus, the oligomer with alkyl substi-

tute C, H,, exhibits the highest fungicidal activity.

b

Fi g. 4. Growth inhibition zones of 7. viride F-41437 affected by alkyl-substituted guanidine-
containing oligomer with decyl bromide radical (C, H, ): a — control without the addition of
compounds, b — impact on 7. viride F-41437 (study in three repetitions)

Table 2

Fungicidal activity of alkyl-substituted guanidinium-containing oligomers (concentration
1 % in water solution)

Chemical group Fungi growth inhibition zone diameter, mm
Fungi type Alk=C H,, Alk=C H Alk=C H,
A. pullulans F-41430 25.0+1.60 25.0+1.24 0
P. variotii F-41432 23.0£1.16 19.0£0.80 0
T viride F-41437 19.3£1.85 20.7£1.16 0
S. brevicaulis F-41434 18.3+0.80 15.8+0.65 0
C. albicans F-41441 16.0+£0.65 12.0 £0.33 0
P. ochrochloron F-41431 14.2+1.05 10.240.2 0
P. funiculosum F-41435 10.5+0.33 0 0
P spp. F-41447 8.0+0.20 0 0
A. flavus F-41442 7.0£0.11 0 0
A. niger F-41448 7.0£0.20 0 0

Legend: 0 — no growth inhibition.

Discussion. In our study we used the strains
of bacteria from the collection of Zabolotny
Institute of Microbiology and Virology of the
National Academy of Sciences of Ukraine, and
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Institute of Urology of the National Academy of
Medical Sciences of Ukraine. The bacteria we have
researched, P. pseudoalcaligenes 109, R. erythopolis
102 and B. subtilis 138, form extracellular
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polysaccharides and lipopolysaccharides, thanks
to which bacteria adhere to the protective materials
surface, which ensures their rapid reproduction and
contributes to the survival of the population under
extreme conditions. These exopolysaccharides
differed by monosaccharide composition and
fatty acid composition. Analysis of the fatty acid
composition of the exopolymeric complex of
bacteria has revealed the presence of saturated,
unsaturated fatty acids and oxy-acids with carbon
chain length 11-18 carbon atoms [20].

Previously it has been demonstrated that
corrosion inhibitors with biocidal action, namely
the salt of cyclohexylamine and synthetic fatty
acids (C, H,; NH, HOOCR, where R=C,....C )
inhibited the processes of denitrification and sulfate
reduction as a result of which corrosive metabolites
(NO,, NH,, H,S) are formed. Slowing down of the
mentioned processes by these inhibitors reduced the
aggressiveness of the medium [18]. The synthetized
guanidine-containing polyethyleneoxide hydrogel
which demonstrated antimicrobial activity against
hydrocarbon oxydative bacteria R. erythropolis
102 and B. subtilis 138 —destructors of protective
materials, promoted the decrease of catalase and
lipase activities of these microorganisms [21].

It can be assumed that the negative effect of
the obtained oligomers against microorganisms
is based on one of the following mechanisms: a)
biocide penetrates the cell, binds to some of its
components (proteins, lipids, carbohydrates), as
a result of which metabolism is disrupted, which
leads to death; b) biocide does not penetrate the
cell, but it blocks the activity of lipid and protein
substances (in particular enzymes or their active
centers) on the cell surface, which causes negative
lethal changes in membrane functions [2].

The fungicidal effect of the studied oligomers
is likely due to the presence of a diphenylpropane
group in their composition. It is well known that
in the organic substance molecules under the
influence of various atoms or atomic groups which
are a part of them, there takes place redistribution
of electronic density of chemical bonds (positive
or negative induction effect). The presence of a
diphenylpropane group in a GO molecule causes
negative induction effect — the substituent reduces
the electron density on the carbon atom to which
it is bound. The substituent thus acquires partial
negative charge (0-) and the carbon atom acquires
partial positive charge (6+) [11]. According to
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the literature, the value (6+) may be one of the
factors that enhance the interaction of fungicidal
substances with the cell wall of fungi [13].

Macromolecules of guanidine polymers are
known to adsorb on the negatively charged cell
surface, thus blocking the processes of breathing
and nutrition (transporting of metabolites through
the cell wall and cytoplasmic membrane). They
diffuse through the cell wall, causing irreversible
damages within the cell and inactivation of a
number of enzymes [9]. The low toxicity of
such compounds for humans and warm-blooded
animals is worth noting [10]. Bactericidal and
fungicidal activity can be considered to occur
through a similar mechanism in the compounds
that have been studied by us. In comparison with
the guanidinium containing oligomer with terminal
guanidine fragments that we have previously
studied [14-16], the growth inhibition zones of
micromycetes A. flavus F-41442, Penicillium
spp F-41447, A. niger F-41448, were 21, 43 and
73 mm, respectively, which considerably exceeds
the indicators for alkyl substituted guanidinium
containing oligomers that we have researched.

If we compare the structure of the synthetized
alkyl substituted guanidinium containing oligomers
to the guanidinium containing oligomer with
terminal guanidine fragments that we studied
before, they differ in structure by the presence
of alkyl radicals and a considerably smaller
concentration of diphenylpropane groups
and guanidine fragments. The obtained data
demonstrate selectivity of the fungicide activity
against different types of microscopic fungi, which
can be related to the differences in their metabolic
processes and adaptation mechanisms.

Conclusions. Guanidinium containing oligo-
mers with alkyl substitutes C_H ,, C, H,, exhibit
antimicrobial activity against the studied test
cultures of bacteria at 1-3 % concentration, and
fungicidal activity against microscopic fungi at 1 %
concentration. With the increase in the length of the
alkyl radical of guanidinium containing oligomers
their bactericidal and fungicidal properties increase
significantly. Alkyl substituted oligomers based on
guanidine are beneficial for usage as desinfectants
for treatment of premises and as additives in
polymeric compositions for protecting them from
biodegradation.
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Peswome

biomuau mupoKo BUKOPUCTOBYIOTHCSI B MEIHIIN-
Hi Ta PI3HUX TaITy3X MPOMUCIOBOCTI K HaJIHHUN
croci0 3aXMCTy Bi psiy MiKpoopraHi3mis. Sk Oak-
TEPULUIHI TpenapaTH BUKOPHCTOBYIOTH OpraHivHi
YEeTBEPTUHHI aMOHI€B1 CIIOYKH, O10TOTIYHA JIisl SIKMX
HOJISITae Y MOPYUIEHH] CTPYKTYPH KIITUHHUX MeMO-
paH i COpUYMHEHHI JeHATypanii KIITHHHUX O1JIKiB,
3HIDKCHHI aKTHBHOCTI KJIHOYOBHUX (epMeHTiB. [lo-
XiZHI TyaHIJIMHY IIHPOKO 3aCTOCOBYIOTH K aHTH-
CeINTUKH, 1HCEKTHIIMIH, JIIKApChKI 3aCO0M Ta KOH-
cepBanTu. Cepell MOTIMEPHUX MOXIAHUX TyaHITUHY
HaOLIBIIOr0 MPAaKTUYHOTO 3aCTOCYBaHHSA OTPHMAB
nosirekcameTuineHryadiauaiixiaopug (II'MI'X).
MexaHi3M OlonmHOT [Tii MONIryaHiuHIB TOAIOHUN
YETBEPTUHHUM aMOHIEBUM CITOJTYKaM 1 HOCUTh MEMO-
PaHO-TOKCHYHUH XapakTep. Bigomo, 1110 ryaHiinHieB]
MoJIiMepy MaloTh MEHIIIY TOKCUYHICTh Y MOPIBHAHHI
3 TYaHIIMHOM 1 BiTHOCSITBCA JI0 TPETHOTO KIIacy He-
Oe3rnexy. 3a OaKTEPUIIMTHUMH BIACTUBOCTSIMH 3HA-
YHY yBary HpUBEPTAE MPAKTHYHO HE TOCIIIKCHUN
KJIaC TYaHIJMHIEBUX OJITOMEpPiB. 3 METOKO MOCHIICHHS
AHTUMIKPOOHHX BJIACTUBOCTEH Ta CIIPOIICHHS 1 371€-
LIEBJICHHS MTPOLIECY CUHTE3Y BUIAETHCS MEPCIEKTHUB-
HUM OTPHMAHHS pPeakIiifHO3JaTHUX (yHKI[IOHATb-
HUX TYaHIAMHIHBMICHHUX OJIITOMEpPIB 3 aJKIIbHUMHU
pajJiiKaIamMH pi3HOI IOBKUHH B CBOEMY cKiiaai. Me-
TOM J1aHOT POOOTH € JOCIIJKCHHSI OAKTEePUITUIHOT 1
(GYHTIMIHOT aKTHBHOCTEH CHHTE30BaHUX ONIrOMEp-
HUX aJIKIJI3aMiCHUX T'yaHITUHIHOpOMIiB 3 Pi3HUMU
pagukanamu -C,H_,- CH ,, -C, H, - 110 BigHOIIEHHO
1o OakTepiit Ta mikpomineTiB. Meroau. CuHTE3 aj-
KUJI3aMiCHUX T'yaHIJUHIMBMICHUX OJIrOMEpiB TPOBO-
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JIWTA IBOCTaiitHO. Ha mepmiii crazii orpuMyBanu
aJIKII3aMiCHUH TyaHIMH 32 peaklili€lo T'yaHiIuHy Ta
ankinopominis (Alk=-C,H, (nmpomin), -C_H , (renumn),
'C10H21
HoIeHHI komnoHeHTiB 1:1. Ha mpyriii — npoBoawim

(meuwnin)) y METaHONI Ta MOJBHOMY CITiBBiJI-

peaxiiro M apoMaTHYHUM oJiiroenokcuaoM DER-
331 Ta ankin3aMiCHUM T'yaHiIMHOM B METaHOIIl MpHU
MOJIBHOMY CIIiBBiTHOIIEHHI KOMIOHEHTIB 1:2. Kynob-
MugyeanHs Mikpoopearizmie. baxrepii BUpoIyBain
Ha M’SICO-TIENTOHHOMY arapi mpotarom 48 roxuH 3a
temrieparypu 28+2° C. TecT-KyabTypu MiKpoMmilie-
TIB KyJITUBYBAJIM HA arapu30BaHOMY IMUBHOMY CYyCJi
(6° b), inkyOyBasu 14 ni6 y Tepmocrari 3a Temiepa-
Typu 28+2°C. AHTUMIKpOOHY aKTHBHICTh HOBOCHH-
TE30BAaHMX AJKUI3aMiCHUX TyaHiJUHIBMICHUX OJIro-
MepiB BU3HAYAIM CTAaHAAPTHUM TUCKO-TH(Yy3iiHHIM
MEeTOJIOM (METOJI JIUCKIB Ha arapi) Ta (QyHTIUIHY
aKTHBHICTH —METOJIOM JIYHOK B arapi. Pe3yiabraTu.
OmniromepHi ankiizaMicHi ryaHiAMHIHOpoMinu 3 pi3-
HUMU pajukaniamu y csoemy ckiani -C.H - CH
-C H,,- cHMHTE30BaHO 3a peaklicr0 TyaHiIUHY Ta
ANKIJTOPOMIJly 3 MONAJIBIIOK B3AEMOIIEID 3 apoMa-
TAYHHUM OJITOCTIOKCHIOM. [Toka3zaHo OakTepHIIUIHY
Ta (YHTIIUIHY aKTUBHOCTI aJKiJI3aMiCHUX TyaHiIu-
HIMBMICHUX OJIITOMEPIB 1O BIJHOMICHHIO 10 Pi3HHUX
reTepoTpoHUX OakTepiil Ta MIKPOCKOMIUHUX I'PUOIB.
BcranoBneHo, 1o ankinzaMmicHi ryaHiiMHIHBMICHI
oJTiroMepH 3a KoHIeHTpatismu 1-3 % inriOysamm pict
rpamHeratuBHUX (Escherichia coli 475, Pseudomonas
aeruginosa 465, Klebsiella pneumonia 479) 1 rpamrio-
3utuBHUX ( Staphylococcus aureus 451, Enterococcus
faecalis 422, Rhodococcus erythropolis 102, Bacillus
subtilis 138) 6akTepiit. HaiiBuini 3HaueHHS 30HU MTpHU-
rHideHHs pocty (Big 12+0,25 mo 18+0,28 mMm) rpam-
HeratuBHHX Oaktepiil (E. coli 475, K. pneumonia 479,
P. aeruginosa 465) BiaMideHo 3a Jii oniromepy 3 Haki-
Outbuioro nosxkunow pagukany Alk=C, H, Yymimsu-
MH JIO OJiIroeTepryaHiIMHIHIeIOpoMi Ty (A11<=C7H1 s
i Alk=C  H, ) BUSBUINCH TPaMIIO3UTHBHI IPYHTOBI
Oakrepii Rhodococcus erythropolis 102 (30-40mm) i
Bacillus subtilis 138 (20-30mm). ['yaHi TuHIHOpOMITH
3 JIOBXKHHOKO aJIKUTBHOTO PaJuKaly Bij Alk=C7H] , 110
Alk=C H,,
Hy Jit0 Ha MikpoMineTtu —Aureobasidium pullulans
F-41430, Paecilomyces variotii F-41432, Trichoderma
viride F-41437, Scopulariopsis brevicaulis F-41434,
Candida albicans ¥-41441, Penicillium ochrochloron
F-41431. BucHOBKH. 31 301JIbIIEHHAM JOBXKUHU ajl-

y koHmeHTpartii 1 % unHunm 6akrepurua-

KUJIBHOTO pajiuKally T'yaHiIUHIMBMICHHX OJIIrOMeEpiB
CYTT€BO HiBUIIYIOTHCS 1X OaKkTepHLUAHI Ta (PyHTi-
LUJIH] BITaCTUBOCTI. AJIKiJI3aMICHI OJTirOMEpH Ha OCHO-
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